ABSTRACT: This study assessed the effects of common extenders and diluents on the spermatozoa of African catfish (Clarias gariepinus), with the intent of obtaining a semen preservation protocol that can serve as a means of making fingerlings available to fish farmers all year round. Semen samples (milt) were pooled from mature broodstock males and pre-extension qualities were evaluated. Egg yolk, tomato juice and sodium citrate buffers were combined in four different trials and used to preserve obtained semen at temperatures of 5°C and -40°C for 8 days and 4 weeks respectively in different trials. Motility indices of extended, preserved, refrigerated and frozen semen were used to analyze the effect of the various combinations. Forward, progressive and rectilinear motion was employed as a significant measurement of the livability of extended sperm cells and the efficacy of the extender solution. The result of the study showed that the buffer (sodium citrate) on its own performed excellently well (sperm motility was 85%) in enhancing survival within the first 24-48 hours post extension; Semen extended with 20% tomato juice gave the best survival rate when stored at 5°C, because the sperm cells were still viable by day 6 postextension. Extender containing 20% egg yolk gave 70% motility while that containing 10% egg yolk mixed with 10% tomato juice gave 60% motility. However, motility decreased progressively as the period of storage increased. The results of the effect of freezing (at -40°C) on motility revealed that no motility was observed in all the cryopreserved trials except the sample containing 10% egg yolk and 10% tomato juice, which recorded 10% post-thaw motility. @JASEM
Animal protein that is essential for the well being of man is grossly inadequate in most parts of the world, especially the developing countries. It was estimated that over a billion people, a third of the world's people lack good quality protein (Ensminger 1983) . About one out of six people in the world is undernourished and most of them live in developing countries where food production is insufficient (USDA 1985) . The standard minimum protein body requirement recommended by the FAO is 70mg/day and of which 35mg/day must be from animal protein source (FAO 1990) . Today, fish contribute less than 1% of the world's food supply in terms of dietary energy, 5% of total protein and 14% of animal protein. In view of the fore-going, the production and consumption of fish must be drastically increased especially in developing countries.
Catfishes are an economically important group of fresh and brackish water fish worldwide. Several species have been successfully introduced in aquaculture (Teugels, 1996) , and the African catfish, Clarias gariepinus (formerly C. lazera; Fishelson et al, 1994) , is perhaps the most important one, not only in Africa but also in South East Asia (e.g., Thailand) and in Europe (e.g., The Netherlands). The availability of gametes throughout the year is important to ensure a constant supply of fish. In captivity (25°C; 12h light per day), C. gariepinus gametogenesis is continuous once sexual maturity is reached (Huisman and Richter, 1987) . However, whereas females can be stripped of eggs after treatments with carp pituitary extracts (cPE; Hogendoorn, 1979) or human Chorionic Gonadotropin (hCG; Eding et al, 1982) , spermiation and male reproductive behavior do not take place spontaneously (Van Oordt et al, 1987) , even after hormonal therapy. To obtain spermatozoa it is necessary to sacrifice male brood fish (Steyn and Van Vuren, 1987) or surgically remove part of their testes (Bart and Dunham, 1990) . Storing batches of spermatozoa by cryo-preservation would significantly improve the reproductive potential of male catfish. Tasty and fast growing catfish are a popular breed both on the fish farms and on the table. However, producing enough fingerlings poses a major problem. Also, increased productivity is directly linked to increase in the number of offspring and their survival rate (Madu et al, 1998) . Obtaining genetically superior males as sperm suppliers would contribute immensely to this. The use of such males could be optimized if there is enough facility to preserve their supplied sperm for longer periods, thereby allowing females to be spawned when and where males are not available. Thus there is need for appropriate semen extenders, sperm motility activators, cryo-protectants and freezing protocol. This project therefore assesses the efficacy of readily available semen extenders (egg yolk and tomato juice) for sperm preservation of African catfish at 5°C and deep freezing temperature of -40°C.
MATERIALS AND METHODS

Experimental Fish
Male broodstocks of Clarias gariepinus weighing between 800-1,500grammes were used for the experiments. The fish were obtained from a reputable fish farm in Ibadan, Oyo State. The male broodstocks were transported to the laboratory of Veterinary Public Health and Preventive Medicine, University of Ibadan in well aerated containers. The choice of males was based on the possession of a well vascularised genital papilla.
Preparation of buffer
About 250ml of distilled water was heated to boiling point and allowed to cool under running tap water. The preparation of 2.9% weight/volume (w/v) of trisodium citrate was then made by using 2x2.9g of trisodium citrate. This amount was dissolved in 200ml flat bottom flask. This solution was then shaken together and allowed to cool for some few minutes. After cooling, the solution was then made up to the 200mls mark of the flask, using distilled water.
Preparation of Tomato Juice Diluent
Three large sized fresh tomato fruits were washed thoroughly using distilled water and were placed inside a clean sterilized mortar. The pestle was then used to crush the tomato fruits in order to extract the juice. The juice was collected into 6 plastic test tubes, which were then placed inside the centrifuge. The centrifuge was set at 3000 revolutions per minute and left to operate for 10minutes. The test tubes were later removed and the clear supernatant fluid was decanted into a clean beaker.
Preparation of Egg yolk component
Freshly laid eggs were washed and disinfected using 70% alcohol. They were cracked and the yolk was collected into beakers, using an egg yolk separator.
Extender Solutions
The experiments were performed using varying compositions of diluents as presented in Table 1 . 
Semen Collection
The male broodstocks of catfish (Clarias gariepinus) were sacrificed by spinal transaction, after which the belly was dissected and the testes removed. Blood clots and other tissues were rinsed away using the sodium citrate solution. The testes were placed in the buffer solution pending the time of semen release. Semen was collected by gently crushing the testis and aspirating the released milt into a 5ml syringe.
Post Collection Examination
Pre-extension motility was determined subjectively by mixing 1 drop of fresh semen with 1 drop of distilled water, and this was observed under the microscope using X10 and X40 objective lenses. Only samples with 80% motility and above were extended and preserved.
Semen-Extender Mixture
The freshly collected semen was carefully aspirated up to the 1ml mark of a syringe and the seminal volume was dispersed into the 50ml conical flask containing the prepared diluent. The mixture gives an extension rate of 1 in 50 (1:50). The mixture was then gently shaken together and dispersed into 5mls storage bottles, labeled accordingly and kept on ice, before transfer to a refrigerator and a freezer set at 5°C and -40°C respectively. Daily storage motilities were observed for the refrigerated samples while the cryopreserved samples were examined after a month of storage.
RESULTS AND DISCUSSION
The results of the determined Pre-extension motility are presented in table 2. Sodium citrate on its own performed excellently well in enhancing survival within the first 24-48 hours post extension. The motility at 24 hours and 5°C for the sample extended with 100% Na citrate solution was 85%. Extenders containing egg yolk performed fairly well in keeping sperm cells alive within the first 24-24 hours. 10% egg yolk with 10% tomato juice gave 60% motility, while 20% egg yolk gave 70% motility (Table 2) . From the motility results in Table 3 , progressive motility decreased as the period of storage increased. Comparatively, the progressive spermatozoa motility recorded after the first 24 hours for the various diluents are 85%, 90%, 80% and 90% for trials 1-4 respectively, while those recorded for the same diluents by 48 hours post-extension are 60%, 70%, 40% and 85%. By 120 hours post storage, all sperm cells were found to be dead in all the extender solutions that were refrigerated at 5°C, except the one containing 20% egg yolk, which showed 5% motility of sperm cells. The cryopreserved samples did not give favourable results, as motility was not observed in all of the trials except in the sample containing 10% egg yolk and 10% tomato juice, which recorded 10% post-thaw motility. The mean pre-extension motility value recorded for this work is 86.5% with a range of 80-90%. This value is in agreement with the suggested preextension motility of 80% and above (Akcay et al., 1995; Urbanyi et al., 1999) . Although various extender solutions have been used to improve sperm storage, results have indicated that sperm motility and viability vary widely. For example, semen of Shortnose sturgeon diluted with commercial salt solutions (Hank's medium and Mounib's medium) could be kept in the refrigerator for a maximum of 6 days, but the spermatozoa exhibited only 31% motility (Wayman and Tiersch, 2000) . In the present study, Semen extended with 20% tomato juice gave the best survival rate when stored at 5°C, as the sperm cells were still viable by day 6 post-extension with 5% motility. This agrees with the work of Wani et al, 1978 and Parandaker, 1991 who observed that 10-20% yolk level was optimum for the successful storage of buck semen at 3-6°C. They also got a 40-50% conception with a single dose of semen extended with 20% egg yolk level. However, such species differences are in consonance with the observations of Goskov and Davy, (1994) who reported that there are differences in the degrees of resistance of different livestock semen to extension and freezing. Tomato juice alone and in combination with egg yolk gave the most rapid decline in the percentage motilities of the spermatozoa. Thus it may be inappropriate for use in catfish semen extension unlike the positive results obtained by Mann (1964) when he used tomato juice to extend semen collected from men. Another major finding from this study is that sodium citrate can serve very well when there is a need for short preservation of Clarias gariepinus semen, provided it is refrigerated at 5°C. Sodium citrate provide 65% motility after 72 hours of storage. This confirms the assertions of Lardy and Philips (1940) and Foote (1980) that physiological buffers have the ability to dilute semen and maintain its viability for some days when refrigerated. This means sodium citrate compares favorably with commercial semen extenders (Hanks balanced salt solution and Mounib's solution), which have been reported to preserve refrigerated semen for up to six days when percentage motility was usually between 20-35% (Wayman and Tiersch, 2000) . Motility duration of up to 9 minutes was also obtained for sodium citrate, which was better than the 2-4 minutes motility duration obtained by Ginzburg (1972) , after he activated sperm motility by diluting semen in water.
The poor results obtained following cropreservation in this study can be adduced to the submission of Mazur (1977) and Watson (1995) , that successful cryopreservation depend not only on the right choice of cryoprotectant and extender, but also on the freezing protocol used. Cryoprotectant and freezing rate together determine the damage to spermatozoa due to intracellular ice crystallization. However, the 10% post-thaw mobility obtained with the sample cryopreserved with 10% egg yolk lends some support to the publications of Lardy and Philips (1940) and Mayer and Lasley (1945) concerning the ability of egg yolk to serve in prolonging spermatozoa survival due to its membrane stabilizing and moderate cryoprotective abilities.
